




















pUOGD ANGORA onNiODntOaaiOnReAoROetaE 





























u" 1 MOTT =z I TO TOUT 





Queen’s House from Lincoln’s [nn Fields. 


All rights of republication, including translation of articles, ave reserved 








wea 





WINDING ENGINE HOUSE AT THE LLANTRISANT COLLIERY OF THE POWELL DUFFRYN STEAM COAL 
Company, LIMITED, 











The 
English Electric 
Journal 


Vol. Il. No. 6. APRIL, 1924 : One Shilling 
CONTENTS. THE WORK OF 1923. 
PAGE ‘a , 
a Lo our Shareholders. 
THE WORK OF 1923 - - 
’ | 207 Our Shareholders will remember that 
EDITORIAL 3 : last year we sent with the Balance 
. : Sheet and Accounts the current num- 
ENGLISH ELECTRIC PRODUCTS IN sil cite Mla Tapes ‘ 
* samagcht : ber of THE ENGLISH ELECTRIC JOURNAL, 
THE WORKS AND ON SITE - 269 ; erage ; 
and the very cordial reception which 
15,000 H.P. WATER TURBINE was given to this innovation has 
FOR THE TATA Hypro-ELEc- encouraged us to a similar Step this 
TRIC COMPANY - J - 285 year. While much of the matter is 
written specifically for the great body 
|;LECTRIC LOCOMOTIVES FOR THE of technical people who purchase our 
IMPERIAL GOVERNMENT RaAIL- products, we trust that every Share- 
WAYS OF JAPAN - - - 294 holder will find the Journal of some 
; Bae interest as indicative of the compre- 
A NEW LINE OF STANDARD hensive and far-reaching nature of our 
STEAM TURBINES - - - 30I operations. 
ELECTRIC WINDING INSTALLA- 
TION AT LLANTRISANT COLLIERY 304 
EDITORIAL. 


NEW THREE-HIGH PLATE MILL 
FOR Messrs. DAVID COLVILLE 
AND SONS, LTD. - - - 311 In this number of the Journal some 

examples of large electrical and hy- 
draulic plant are described, all of 

—= which have been recently manufactured 

by the Company, and present the 
latest developments in their respective 
All Communications respecting Editorial lines. The first article describes a 

15,000 H.P. water turbine made to the 

order of The Tata Hydro-electric 

THE ENGLISH ELECTRIC JOURNAL, QUEEN'S Supply Company, which is of par- 

House, Kincsway, Lonpon, W.C.2. ticular interest as indicating the 


Contents should be addressed to THE EDITOR, 








268 


progress made in the hydro-electric 
section of the Company’s business. 
The Company is in the unique 
position of being able to make 
both water turbines and_ electric 
generators, and in conjunction with 
Sir William Arrol & Company with 
whom it is closely associated in the 
hydraulic business, it can undertake 
complete hydro-electric contracts in- 
cluding the civil engineering work and 
pipelines, in addition to the turbines 
and all electrical plant. The Company 
has recently received from The Tata 
Company the largest order for hydro- 
electric plant that has been placed in 
this country, consisting of five turbines 
each of 30,000 H.P., with the corres- 
ponding generators as well as sub- 
sidiary plant. 

The Company has also recently com- 
pleted in its shops a, 25,000 H.P. 
turbine of the reaction or “ Francis ”’ 
type for the Sorocaba Station of the 
Sao Paulo Electric Company in Brazil, 
of which it is hoped to give a detailed 
description in a future number of the 
Journal. 

In the next article the locomotives 
supplied for the main line electri- 
fication of The Imperial Government 
Railways of Japan are illustrated 
and described. The earthquake cata- 
strophe in Japan has delayed the 
setting to work of the locomotives, 
but they are now being put into 
service. The manufacture of the 
locomotives was effected in very short 
time, the first ones being tested and 
shipped from this country eight months 
after the receipt of the order, and the 
remainder following at the rate of 
five locomotives per month. Another 
article is devoted to a description of 
two large electric winding engines 
recently installed and set to work at 
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the Llantrisant Colliery of the Powell 
Duffryn Steam Coal Company. The 
plant incorporates the latest develop- 
ments and refinements in this class of 


apparatus. Previous winders supplied 
by the firm to the Powell Duffryn 
Company have been in_ constant 


operation for many years. 

Plant for the driving of Steel Works 
is an important part of the Company’s 
business, and has been referred to on 
several occasions in this Journal. It 
is of a highly specialized nature, and 
in this number a description is given 
of a 13,000 H.P. drive for a large plate 


mill at the Clydebridge Works of 
Messrs. David Colville & Sons. The 


plant has been in successful operation 
for some time, and is, we believe, the 
first application of an Ilgner method 
of drive to a three-high plate mill. 
The Company has recently developed 
a line of steam turbines of small 
size to run at high speed and high 
economy, and a 600 K.W. set of this 
type is described. The turbine runs 
at a speed of 6,000 r.p.m., and is con- 
nected through single reduction gear 
to a generator running at 730 r.p.m. 
The Company is exhibiting at the 
Wembley Exhibition, and further re- 
ference to the exhibits will be made in 
a future number of the Journal. 
Further to its own stand, the Company 
has contributed a 1,500 K.W. steam 
turbine with alternator and surface 
condenser, to the Power Station at 
the Exhibition, and a 500 K.W. rotary 
converter with transformer and starting 


pillar to the substation. English 
Electric motors are driving a wide 


variety of machines on the stands of 
other exhibitors ; these include loom 


machinery, boiler house auxiliaries, 
refrigerating plant, a compressor at 
the Model Colliery, etc., etc. 
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Eaglish blectric” 


Products 
m tne Works and on Site. 


As our readers will remember, we signalised 
the close of our business year 1922-1923 by issuing 
a number of this Journal which was a pictorial 
review of our activities during the preceding twelve 
months. Although we do not now devote the 
whole of this issue to a similar purpose, the following 
pages show a number of typical views, not hitherto 
published, of heavy plant under manufacture or 


erected on site during 1923-1924. 
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THE ERECTION AT WILLANS Works, RuGBy, oF A 15,000-K.W.,71500-r. p.m. TURBO-ALTERNATOR 
SET FOR THE CaLtcutrraA ELEctRIC SuPPLY Co, 


. AT THE POWER STATION OF THE BOLTON CORPORATION, 
Maximum Continuous KaAtTING. 
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A 12,500-IX.W., 3,000-R.p.M., 6,600-voLtT TURBO-ALTERNATOR SET IN COURSE OF ERECTION 
At WORKS. 
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VIEW IN THE BLADING SHOP, STEAM TURBINE DEPARTMENT, WILLANS Works, RuGBy. 
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THE RIBBLE POWER STATION ‘OF PRESTON CORPORATION 


(Comprehensive contract by the English Electric Co.) 
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Marcu, 1924, 
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1,500-IX.W., 3,000-R.P.M., TURBO-ALTERNATOR SET AND CONDENSER RECENTLY COM- 
PLETED FOR THE DOVER CORPORATION 





Two 


,500-IK,W., DrRECT-CURRENT, GEARED TURBO-GENERATOR SETS IN THE 
GLOUCESTER CORPORATION'S POWER Howse. 
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750-H.P, FULLAGAR OpPposED-PIsTon Or ENGINE FOR NAPIER, NEW ZEALAND, 
READY FOR BRAKE TEST, 


LD UE Ls ee 





500-IX.W, DrieseL ENGINE AND 


ALTERNATOR IN THE WORKS OF THE EGHAM 
AND STAINES ELECTRICITY SUPPLY Co. 
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BRONZE RUNNER OF 25,000-H.P. REACTION WATER TURBINE FOR BRAZII 
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CasInG OF 25,000-H.P. REAcTION WATER TURBINE 








ALTERNATOR STATOR FOR 25,000-H.P. WATER TURBINE SET READY FOR WINDING, 





25,000-H.P. WATER TURBINE AND ALTERNATOR ROTOR, PARTIALLY ERECTED, READY 
FOR OVERSPEED TEST. 
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MAIN LINE LOCOMOTIVE ON THE ARTHUR'S PASS SECTION OF THE MIDLAND RAILWAY OF 
NEW ZEALAND, OPENED IN JuLy, 1923 
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Matin LINE LOCOMOTIVE IN SERVICE ON THE Mipt RAILWAY OF FRANCE. 
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Moror Coacu TRAIN ON THE LONDON, MiIpLAND & ScotTisH Rattway. LIVERPOOL-SOUTHPORI 
SECTION, 





1,200-K.W, Traction Rotary CONVERTER IN AN UNDERGROUND RAILWAY SUB-STATION, 
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ROTARY CONVERTERS AND TRANSFORMERS READY FOR DESPATCH AT SIEMENS Works, STAFFORD 
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1000-IN.W. Rorary CONVERTER WHICH IS BEING SHOWN ON OUR STAND AT THE Brit 
EMPIRE EXHIBITION 





VIEW oF TRANSVERTER FOR 100,000 vo_-ts DtrEcT CURRENT. IN COURSE OF ERECTION, 








282 THE ENGLISH ELECTRIC JOURNAL 














JIRECT-CURRENT Motor, CLAss CS., DRIVING MERCHANT MILL IN A STEEL WORKS. 























SLIPRING INDUCTION Motor, Crass LS., DRIVING THREE STANDS OF COLD ROLLS IN A SHEET STEEL WORKS. 
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ixpuction Motor, CLAss LS., DRIVING AN AtR COMPRESSOR IN A LARGE INDUSTRIAL WORKS, 


, 








VIEW IN THE MACHINE ERECTING SHOP, PHa@:NIX WorRKS, BRADFORD. 
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PLATE SHEARS DRIVEN BY INDUCTION MOTOR IN THE WoRKS OF MEssrRsS. SIR WILLIAM ARROIL (SWANSEA), LYb, 
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MOoOTOR-DRIVEN STRAIGHTENING ROLLS IN MEssrRs. ARROL’S WORKS. 
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15,000 H.P. Water Turbine for 
the ‘ata Hydro-Electric Supply Company. 


The art of designing and constructing large 
naturally founded and 
industrial 


water turbines was 


developed most rapidly in those 
countries which contained, or were adjacent to 
areas with large water-power resources and, 
until comparatively recently, this branch of 
engineering British manufac- 
turers left almost entirely to other countries. 

The post-war period has seen not only an 


was one which 


awakened interest in the water-power resources 
of this country, but also a marked determina- 
tion on the part of our manufacturers to put 
themselves in a position to obtain a share of the 


many water-power schemes throughout the 
world. 

After a thorough survey of the position, the 
English Electric Company organized some time 
ago a complete Hydro-electric Department 
capable of dealing with the design, manufacture 
and erection of the largest plants of this kind. 
At the outset they possessed the advantages of 
having works and plant capable of dealing with 
the very largest pieces and also long experience 
in carrying out large comprehensive contracts in- 
cluding not only prime movers but electric genera- 
tors, auxiliary machines, electric transmission 
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lines, switchgear, etc., all of which are 
already dealt with in their organization. Guided 
by the most skilled technical advice obtainable, 
the new department has already proved its 
worth, and has in hand at the present time 
nearly a quarter of a million horse-power 
of water-turbine plant in units ranging from 
30,000 H.P. downwards. 
Amongst important 


contracts received are 
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area in question, which, as will be seen, lies some 
forty to fifty miles south-east of Bombay and 
embraces the Western Ghats mountains and a 
number of large lakes situated in the upper 
valleys of the range. 

The _ initial 
successful, and in addition to the extension of 
the original Khopoli Station to its full capacity, 
two other projects are in course of development. 


power scheme proved very 





l°IG. 
those for generating units destined for exten- 
sions and new power houses for the Tata con- 
cerns. Although the present article is devoted 
mainly to a description of a 15,000 H.P. unit 
for an extension of the existing Khopoli Station 
of the Tata Hydro-electric Supply Company, a 


brief reference to the geographical situation of 


the Tata power system may be of interest to our 
readers. By the courtesy of the Tata Company 


we are able to reproduce a map of the catchment 


15,000 H.P. IMPULSE TURBINE AND BALANCED VALVE 


ERECTED AT WILLANS Works, huGby. 
With the installation of the 15,000 H.P. unit 
described below, the capacity of the Khopoli 
Station will be 90,000 H.P. 

The two new power stations at Bhirpuri and 
Bhira are based upon Lake Gibbs (or Andhra) 
and Nila-Mula Lake respectively ; the former 
takes its name from Mr. H. P. Gibbs, a director 
of Tata Limited, 
developed this project and is responsible also for 
the Tata The 


Sons, who discovered and 


Power Scheme. Bhirpuri 
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Station with a planned capacity of some 60,000 
H.P. is now practically completed and part of 
the plant is in operation. The latest and largest 
of the schemes will provide for the supply from 
the Bhira power house of some 100,000 H.P. of 
plant for industrial, 
purposes in Bombay. 


tramway and railway 
The realization of this 
undertaking involves civil engineering work of 
a most interesting character. 


150 ft. high and 4,000 ft. long, is under construc- 


A masonry dam 


tion, which will result in the formation of a lake 

















WITH SINGLE-BOLT 
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16 square miles in area sufficient to store water 
equivalent to 400 millions of Board of Trade 
units per annum. To convey the water through 
the mountains a tunnel 14,300 feet long and 
120 square feet in section is being constructed 
and this will deliver the water to pipe lines 
which run down to the power house. 

The order for the generating plant for this 
The 
Electric Company, and we hope at a later date 


station has been placed with E-english 


to describe these interesting machines, which 


ATTACHMENT. 


BUCKET 








will be by far the largest ever built in this 
country. Each of the 
a twin Impulse Turbine of 30,000 H.P., driving 
a 21,750 K.V.A. Alternator generating current 
at 12,000 volts. 

The whole of the energy developed by this 
wonderful series of Tata enterprises is, or will 


five units will consist of 


be, utilized for industrial purposes in Bombay 


FiG 4. RUNNER PARTLY ASSEMBLED; A 





BUCKET 
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and the surrounding district, and for the clec- 


trified lines of the Great Indian Peninsula 


Railway. 

A general view of the 15,000 H.P. Impulse 
Turbine for the completion of the Khopoli 
station is shown in Fig. 2, which shows the 
machine assembled complete with its governor 


gear in the Willans Works, Rugby. 





AND BUCKET IASTENINGS IN FOREGROUND. 
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TAPERED BOLT =a oe. 
Hi 
LOCKING WASHER we 
Disc a 
PROJECTION 2 J Secs 
et we § i i ‘ Big 
‘ Vy 
TIGHTENING Keys 
Fic. 5. DIAGRAM SHOWING CONSTRUCTION OF THE “‘ ENGLISH ELectrrRiIc ’’? BUCKET FASTENING. 
The turbine, of which a general arrangement rim. lig. 4 shows the buckets in course of 


drawing is reproduced in Fig. 6, is designed to 
the following data : 
Nett head diate 
Normal output oe 
Overload capacity about 
Speed 


1,655 leet 
15,000 B.H.P 
10 per cent 
300 RK PM 


The runner, shown in Fig. 3, is overhung on 
the extension of the generator shaft with the 
great advantages of simplicity, lightness and 
It consists ot a cast-steel disc 
twenty-four buckets of the same 
material are attached by means of a special 


saving in cost. 
to which 
fastening. The complete runner weighs over 
10 tons, and each bucket 375 Ibs. 
are polished in order to reduce friction losses. 


The buckets 


The bucket fastening must withstand the 
centrifugal force of the bucket acting con- 


tinuously, and, three hundred times a minute, 
the impulse of the jet of about 30 tons. [ach 
bucket is secured to the disc by a single tapered 
bolt fitting tightly in'a conical split bush, and 
The 
tightening of the nuts expands the bush and 


is supported at front and rear by keys. 


secures an cxtremely tight fit which prevents 
any possibility of the fastening working loose ; 
the lugs at the same time firmly grip the rim of 


the disc. The nuts are secured by locking 
washers. The buckets have front and _ rear 
bearing faces and are mounted in pairs. Two 


tapered keys are driven between the buckets 
of each pair so that these are torced to bear 
against machined projections cast with the dise 


erection on the disc, while the diagram, Fig. 5, 
shows more clearly the separate parts. 

This the English 
Electric Co.) has four main advantages :— 

1) Simplicity. 


fastening (patented by 


( 

(2) Security. 

(3) Interchangeability. 

(4) Kfficiency, the load being divided between 
bolts and keys so that the stresses are 
borne in the most convenient manner. 

As shown in Fig. 6, the bedplate had to be 

cast in four parts ; they are amply dimensioned, 
firmly embedded in the concrete, and anchored 
by foundation bolts. Moreover, on the gene- 
rator side the turbine is strongly bolted to the 
generator bedplate thus making the turbine a 
solid unit with the generator, which is of the 
utmost importance in the case of overhung 
wheels. It facilitates erection and makes the 


centreing of the jet much easier and more 
accurate. 

The cover is made of welded steel plates, 
Where the 
shaft passes through, watercatchers (O, Fig. 6) 


are provided. 


and is supported by the bedplate. 


These are brass rings with very 
fine edges which rub on the shaft and prevent 
the water creeping along it. 

It will be seen that the inlet bend is put in a 
trench. This arrangement is very convenient 
because, although the whole bend is easily 
accessible by 


simply removing the chequer 
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plating, it does not take up any space in the 


machine room. The bend is designed with 


double regulation on the ‘‘ Seewer’’ principle, 
which is firstly to destroy rapidly the energy 
of the jet by means of specially designed blades, 
and then slowly to close the spear in order to 
prevent any undue waste of water. 

The destruction of the jet, which takes place 
practically instantaneously, is brought about 
by a whirling motion imparted to the water by 
When these 
pushed forward in the water stream the jet 


the diffusing blades. blades are 
does not remain cylindrical, but is dispersed 
in a hollow conical form with no useful energy 
buckets. 
in the “ Seewer”’ 


for the The destruction of the jet 
Governing Device does not 
require important forces and can, therefore, 
be effected very quickly, thus allowing for a 
very small increase in speed in the case of a 
sudden drop in load. 

The secondary regulation is made by the 
spear which is controlled by the blades. It 
can close the opening of the nozzle mouthpiece 


as slowly as is necessary to prevent any undue 


pressure rise in the pipeline. In the present 
will 


exceed 10 per cent. above the static head. 


case the maximum pressure rise never 


Referring to Fig. 6, the regulation can be 
briefly described as follows : 
tions of the 


The speed varia- 

transmitted by 
means of the upper belt to the pendulum pulley 
of the governor. According to the 
change in speed, the pendulum so controls the 
distributing valve of the governor that oil under 
pressure is led to one side or the other of its 
servo-motor. 


main shaft are 


on top 


The movement of this servo-motor is trans- 
mitted, by means of levers and a rod, the latter 
passing through safety piston (A) down to the 
right hand governing shaft (see plan, Fig. 6). 

In the case of a drop in load, with a corre- 
sponding increase in speed, the rod moves 
upwards, the horizontal shaft turns anti- 
clockwise and the blades are pushed forward 
into the water stream. Thus the jet is diffused 
and the receives no The 


runner energy. 
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reaction of the whirling motion imparted to the 
water by the blades is taken, through rollers 
(R) by the spear (S) and transmitted by the 
keys (K) to the nozzle through the fixed guide 
blades. These moreover provide a_ bearing 
for the spear and improve the form and efficiency 
of the normal cylindrical jet by rectifying the 
flow through the nozzle. It will be noticed 
that, due to the rollers (R) the amount of 
friction is considerably reduced and the forces 
on the regulating rod are reduced to a minimum. 
When the right-hand, horizontal, 
shaft anti-clockwise it 
internal valve rod in the distributing valve (V). 


regulating 
turns also moves the 
By this means the guide blades control the 
position of the spear which moves forward to 
close the nozzle. As the spear moves forward 
it also moves the outer sleeve of the distributing 
valve until both inner valve rod and outer valve 
sleeve occupy their neutral positions again. 

If the dropin loadis only partial, the blades are 
socontrolled by the governor that, as soon as the 
spear has reached the amount of closing necessary 
for the new load, they remain steady and keep 
the spear in its new position of equilibrium. 

It will be 
device the strokes of the regulating rod and the 


noticed that in this regulating 
sleeve are directly proportional to the stroke 
of the blades and the spear. There is no cam 
and the whole control is very simple. 

In order to adjust the rate of closing of the 
spear, distributing valve (V) is connected to the 
closing chamber of the spear servo-motor by 
means of control screw (W). This screw serves 
the same purpose as a diaphragm by preventing 
the free flow of oil. But whilst a diaphragm for 
long closing time would be very small and might 
be easily choked, this regulating screw can have 
larger dimensions and can at the same time be 
easily adjusted without dismantling of any kind. 
This screw is moreover so arranged that for the 
opening movement it gives a larger passage to 
the oil and thus allows for a quicker rate of 
travel when the spear opens. 

The blades can be controlled by hand by 
hand situated on the 


means of the wheel 
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General Arrangement 
of 


WATER TURBINE (Overhung Impulse Wheel) 
for the 


Khopoli Power Station of the Tata Engineering Company 





OO eae ey a ll 
Output oe oe oe se e* 15000 B.H.P. 
Wer eecanrramrar . °  & 


Seale (approx.) :—One forty-fifth full size. 
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governor casing. For the spear, hand regula- 
tion is effected by means of gear mounted on a 
special column. An interesting feature of this 
gear is that it can be clutched in for any position 
of the stroke by just turning clutch (C) so that 
it meshes with the screw. At the same 


both 


timc 


as this clutch meshes it connects sides 


of the spear servo-motor by means of distri- 


4 


ic. 8. CYLINDRICAI 


buting valve (T), thus automatically making 
the hand gear ready for operation. 

The following safety devices are provided : 

(1) In the case ot the pendulum belt breaking, 
the distributing valve of the governor is 
so controlled by a spring that the blade 
servo-motor pushes the blades into the 
water stream, thus diffusing the jet and 
slowly closing the turbine. 

(2) In the case of the oil pressure failing, 
safety device (A) cither 


prevents run- 
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away or closes the turbine by means of 
water pressure. This safety device (A) 
consists of a differential piston, on one 
side of which the oil pressure acts, 
while on the otherit is connected to water 
pressure taken from the main pipe-line 
rhe 


pressure gauge ace fitted on a separate column 


necessary instruments, tachometer and 


BALANCED VALVE 
conveniently situated near the governor and 
unaffected by any vibration from the turbine 
or the governor. 

The main valve for controlling the pipe-lne 
is of the ‘‘ English Electric ”’ special design. It 
is a Cylindrical Balanced Valve with movable 
cylinder and auxiliary bye-pass. This valve is 


of a very simple and compact design and 
does not take up any floor space in the power 
being the 


It is controlled electrically from a 


station, entirely under chequer 


plating. 
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special panel but can also be controlled by hand. 
The illustration opposite shows the main 

valve completely assembled, whilst Fig. 7 

make the 


will 
clear construction and mode of 
operation. 

As the sliding cylinder, 
which is the closing apparatus, is at the same 


time 


shown in 


lig, ‘ 


designed as a_ differential piston. It 
slides on a bronze-lined inner body, and the 
latter is so connected to the outer body that by 
removing the ring which is in 
halves and turning the central dismantling bolt, 
the length of the valve can be 


dismantling 


so shortened 
as to allow for dismantling without any special 
expansion joint, thus saving the cost of a very 


expensive and cumbersome item. At. the 
same time the fact -that the dismantling 
ring is in_ halves’ allows’ for inspection 


and, if necessary, the removal of the leathers 
of the piston without dismantling the remainder 
of the both the 
outer casing and the inner body and make of 


valve. Strong ribs stiffen 
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the different parts of the valve a solid whole. 


An important feature of this valve is the 
travelling control valve (D) which, like the 
regulating valve of the spear, is in the 
form of a screw. This screw travels with the 


valve piston in such a way that the more the 
piston closes the more threads of the screw 
have to be followed by the water coming to the 
closing chamber, thus the rate of travel of the 
piston decreases little by little and is slowest 
when approaching the end of the stroke. Thus 
no water-hammer can occur in the pipe-line and 
this valve is a reliable apparatus not only for 
the turbine but also for the pipe-line. The 
indicator (I) shows directly the amount of 
opening of the piston-valve. 

Although 


not require any bye-pass, such an item has been 


this valve, being balanced, does 
provided in order to render the starting-up ol 
the set easier. This bye-pass can be designed 
without taking up any more space, being put 


right in the middle of the valve itself. 
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Electric Locomotives for the {mperial Government 


Railways of Japan 





iG. 1. 


Phe Imperial Government Railways of Japan 
have in hand an important programme of rail- 
the 
from steam to clectricity of main line 


way electrification, including conversion 
and 
suburban services. There is in cxistence an 
electric service between Tokyo and Yokohama, 
a distance of 19 miles, and this is being extended 
Phe distances from 


Yokosuka are 


miles and 23 miles respectively. 


to Odawara and Yokosuka. 
Yokohama to Odawara and 33 

he main line runs in a south-westerly dire« 
tion from Tokyo through Yokohama, Nagoya, 


Kyoto and Osaka to Kobe, and is known as the 


Local PAsseENGER 


LOCOMOTIVE, TYPE 044-0. 


Tokaido line. ‘The length of this line is approxi- 
mately 375 miles. 


The main line electrification has been started, 


and an order was placed with the English 


Electric Company for a number of electric 


locomotives. Three types of locomotive were 
ordered, namely, freight engines, local passenger 
engines and express engines. The design and 
manufacture were carricd out by the English 
Electric Company, the mechanical parts being 
supplied by the North British Locomotive 


Company. 
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OTIVE, TYPE 4-6-6 
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It is very interesting to note the short de- 
liveries which were made. Orders were placed 
on the 12th and 22nd June, 1922, 
locomotives had been tested and were shipped 
14th February, 1923, 
arriving at Yokohama on the 24th April, 1923. 


and the first 
from this country on thx 


rhe remaining locomotives followed at a fairly 
uniform rate of five per month. 

The constructors had almost a free hand in 
the design, the conditions laid down being that 
the gauge was 3 ft. 6 ins. and the limiting axle 
load 


were 


was 15 metric tons. Further conditions 


1. The fre ight locomotive must haul a load 
of 600 tons at a speed of 40 miles per hour on 
the level. 

9 


2. The local passenger locomotive must haul 


a train of 315 tons at 53 miles per 
hour on the level. 


3. The 


motive must haul a train of 415.tons 


express passenger  loco- 

at 60 miles per hour on the level. 
These were the guiding conditions 

for the various types of machine. 
General views of these locomotives 


are shown in the accompanying 


pictures, Fig. 1 being the local 
passenger locomotive ; Fig. 2. the 


freight locomotive, and Fig. 3 the 


express passenger locomotive. _ It 
will be noticed that outwardly there 
is no difference between the freight 
and local passenger locomotives. 
They were built to the same design, 
the only differences being in the gear 
ratio, the amount of control resist- 
ance and the fact that the passenger 
had to be fitted 


vacuum brakes as well as air brakes. 


locomotives with 


that in 
number of 


An interesting point is 
order to reduce the 
different types of spares as much as 
possible, the freight and local passen- 
ger engines have the same size of 
driving wheel and the local passenger 


and express passenger have the same jy 





y. ELecrre 
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size of gears. The express passenger has a larger 
size of driving wheel than the local passenger, 
all driving wheels being to Japanese standards. 

All these locomotives are fitted with the same 
motor, investigation having shown that for the 
conditions required, a motor of 306 H.P. on the 


one-hour rating with 750 volts across the 
terminals would be the most suitable unit to 
meet all conditions. As the line pressure is 


1,500 volts, the motors are arranged two in 
permanent series on all locomotives. 

The draw and buffing gear provided is the 
same as the present standard in Japan, but facili- 
ties had to be made for a rapid change to the 
M.C.B. 


Government Railways to make this change as 


type of gear, as it is the intention of the 


soon as circumstances permit. 


AND BRAKE COUPLINGS OF TWo E-XPRI LOCOMOTIVES 
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the 0-4-4-0 
type, known also as the B.B. type, whilst the 


The smaller locomotives are of 


express locomotives are of the 4-6-6-4 or 2-C-C-2 
type. 

All the locomotives are equipped with the same 
design of pantograph, of which there are two 
to each locomotive. These pantographs are 
raised by air pressure, and arrangements are 
made so that any pantograph can be raised or 
lowered individually, and also all pantographs 
can be raised or lowered from any driving point, 
even when two or more locomotives are coupled 
together. Each pantograph is provided with 
two pans with a number of renewable copper 
fitted with 


sliding contacts, and all joints are 








ic. 5 A 


CypicAL VIEW IN 


Driver's CAR, 


ball bearings which are bonded with flexible 
copper strip. 
Multiple-unit operation is provided for, and 


Fig. 4 shows the electrical couplers and also 
the brake couplers when two locomotives are 


connected together. 
The layout of all the locomotives is generally 
the same, there being a driving cab at each end 


and a centre compartment containing the 
control gear and the auxiliary machines. The 


driving cabs, see Fig. 5, are laid out with a master 
controller, driver’s brake valve and on the right 
The 


cock for the pantograph is placed conveniently 


an instrument desk. emergency lowering 
so that it can be operated instantly by the driver. 
On thie desk 


provided an ammeter 


instrument there are 
brake 
vauges, whilst on the right-hand side 


of the 


and 


cab, there are a voltmeter and 
a speed indicator, the dials being of 
ample size so that the driver can read 
them Shaded 
for all and 


situated in such a manner that they 


easily. lights are 


provided instruments 


do not interfere in any way with th 


driver's look-out. 

Suitable doors which can be seen 
in the illustrations are provided for 
entry into the driver's cabs, the 
smaller locomotives being provided 


with side and end doors, whilst the 


larger tvpe of locomotive has end 
doors only, as there is a platform in 
front of cach door by which the driver 
can get on to the 


side 


locomotive from 
either 


In the centre compartment besides 


the control gear there is the motor 


generator set, the compressors (and 
exhausters on the passenger loco 
motives), the resistances, the hand 


pump for putting up the pantographs 


when no air is available 


the 
reservoirs and, on the express pas- 


trom 


senger locomotives, the battery 
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The control gear is of the all-electric cam-shaft 
type breakers. 
The line breakers are provided with an overload 


with solenoid-operated _ line 
trip to take care of excessive currents which 
This overload 
can be set from any driving compartment in the 


occur in ordinary operation. 


‘off’’ position of the master controller. A 
circuit-breaker is also provided as protection 
against short circuits and very heavy overloads, 
this breaker being in the nature of an insurance 
rather than a necessity. The breaker is hand 
setting and is enclosed in the same compartment 
This circuit-breakc1 
will open very infrequently and it is made hand 


as the main control gear. 


setting to ensure that the control compartment 
is opened up and a short inspection made of 


he 


the control gear before the 
circuit-breaker is again set. 
The main circuit equipment 
can be disconnected from the 





- P m ; *s a : ee a ~ > 
line by means of a main isola- 3 


ting switch which is inter- t 
locked with the doors to the . 2 


control compartment. These 
loors cannot be opened until 
the main isolating switch is 
opened, thus giving protec- 
tion to workmen who wish to 
inspect the control gear. 
Similarly, the main isolating 
switch cannot be closed until 
the doors of the apparatus 
compartment are definitely 
closed. 

The cam-shaft is motor- 
driven, and operates a num- 
ber of contactors which cut 
out the main resistances and 
also give the required motor 
groupings. A special feature 
is that the control is arranged 
to keep the main and inter- 
pole field coils always con- 
nected to earth, even in the 
transition stages whenchang- 


Moroder? 


ing from one grouping to Fis. 6. 


another. In consequence the 


2 ATOR AND FAN UNIT 
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voltage to earth across the main and interpole 
field coils is always small ; experience has shown 
that this has a very marked effect in decreasing 
the maintenance of the field coils. 

The reverser is solenoid operated, the opera- 
ting coils being cut off after the reverser is 
thrown. 

The usual accessories, such as motor cut-out 
and control cut-out switches, shunts, etc., are 
provided. Figs 6, 7, and 8 show views of the 
control compartments. 

The resistances are of the unbreakable type 
on the first few starting notches where large 
ohmic values are required and the currents 
are relatively small, whilst the resistances for 


iron. 


other notches are of cast 





THE CAMSHAFT CONTROLLER 


CAN BE SEEN ON THE LEFT 

















Moror Cut-ouT SWITCHES, 


5. 


lia. 


CAMSHAFT CONTROLLER, 


7- 


‘1G, 
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The 
auxiliaries are run from a low-tension supply 


control gear, compressors and other 
This set is 
made up of a 1,500-volt motor driving a 100-volt 
At each end of the shaft of this set is 
a fan which provides air for forced ventilation 


of th 


provided by the motor-generator set. 
gencrator. 
main motors. Fig. 6 shows this motor- 
gencrator set. 

\rrangements are made whereby the motor- 
generator set can run when the main isolating 
switch is opened, so that when the control is 
being inspected the lights can be kept on and 
the compressors also are available. 

Ihe control gear for the motor-gencrator set 
is housed in a which 


separate compartment 


cannot be opened until an auxiliary isolating 
switch is opened, the interlock operating in the 
Sale 
7 
double-commutator type and the set 


manner as with the main isolating switch. 


1 motor of the motor-generator set Is of the 
itself is 
sclf-ventilated. 


The express locomotives have a stand-by 
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battery which is big enough to operate the 
control, lights and brakes for four hours if 
required. All locomotives are equipped with 
brake gear of the Westinghouse E.L.14 type, 
The 
sanding is air operated and pneumatic whistles 
are provided. 
The 

addition 


giving straight and automatic operation. 


fitted in 
for operating the 
brakes of the passenger stock. 


passenger locomotives are 


with exhausters 
It is the inten- 
tion of the Japanese Government Railways to 
change over from vacuum brakes to compressed 
air brakes as circumstances permit, and in con- 
sequence, eventually these exhausters will be 
dispensed with and some of them will be con- 
verted into compressors, suitable arrangements 
having been made to enable this to be done 


with the minimum changes in the motor and 
vacuum exhauster. 

With regard to the main motors, one of whieh 
is shown in Fig. 9, these are 306 H.P. at 750 volts 


and insulated for 1,500 volts. They have single 





IG. 9 


D.IX. S86 Motor: 


300 H.P., 750 VOLTS. 
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reduction spur gearing, the width of the face 


being 54 inches. The motors are forced-venti- 


lated, the air being supplied by fans driven by 
above. 


the motor-generator set as described 


Suitable openings are provided in the floor of 


the locomotives in order to give casy 


aCCeCss 
to the commutator covers. 

he trucks of all locomotives are articulated, 
the articulation consisting of a 
Mallet type. 


joint of the 
In this way the draw and buffing 
shocks are taken through the trucks and not 


through the cab. The bogic centres ar 
spherical, one centre being allowed a small 
displacement to allow the locomotive to pass 
easily round curves. 

In order to give facilities for crecting 


and dismantling the motor-generator — set, 


301 
compressors, Ctc., the monitor of the cab is 
removable in one piece. 

When the locomotives are fully equipped 


with sand, jacks, tools and men, the weights 
are 
lor the 0-4-4-0 locomotive, 
4-6-6-4 
In the latter type, 


58 tons 

100 

the adhesive weight is 72 
tons, and is equally divided among six driving 
axles 


LOco- 


It was originally the intention for thes 
motives to go into service as soon as the Tokaido 
line was ready, but unfortunately the earthquake 


Phest 


into service 


has caused considerable delay. loco- 


motives, however, are now going 


and it is expected that the whole of them will 
be running very shortly. 


A New Lime of Standard Steam ‘Jurbines 


The English Electric Company is now pre- 
pared to supply turbines up to 6,000 r.p.m. 
coupled through gearing to alternators or direct 


current generators running at relatively low 
speeds. With such a unit, an economy can be 


realized comparable with that obtained in any 
other form of turbine unit; the simplicity of 


construction and general freedom from any 
devices not familiar to the ordinary work-a-day 
steam turbine engineer, renders the plant 
especially suitable for export or for use where a 
high degree of reliability is essential. 
Twenty-five years ago, when Messrs. C. A. 
Parsons & Co., of Heaton Works, Newcastle- 
on-Tyne constructed the first 1,000 k.w. steam 
turbine, the speed of 1,500 r.p.m. then adopted 
in fact, the 
designers of that time deemed it wise to use 
the this 


making the high-pressure stages distinct from 


was considered quite high enough ; 


two-cylinder' design for machine 
the low-pressure stages. 
later, 


turbines at 3,000 r.p.m. were put on the market, 


Some years when 1,000 k.w. steam 


the adoption of this speed was regarded as quite 
a daring departure from previous practice, and 


there was considerable conservatism among 
engineers which led them for some time to con- 
tinue to prefer for turbines of this size a speed 
ot 1,500 r.p.m. 

At the 


are being constructed up to outputs of 20,000 


present day, 3,000-r.p.m. turbines 


k.w., and he would be a bold man who should 
say that this represents the upper limit of output 
although in 


at this speed. At the same time 


the largest modern power stations, the size 
of the units has advanced to a figure which 


was unthought of a few years ago, there has 
always been a steady demand for units of 
comparatively small output. For the smaller 
as well as the larger units, there is also a con- 
tinuous demand for higher economics, and 
especially is this so in cases where a relatively 
small shall 


take a bulk supply from one of the large powet 


concern has to decide whether it 


supply authorities or purchase plant of small 
output which shall have such a high economy 
as to justify extensions of its own generating 
plant. Further, there are still many supply 
undertakings which do not come into any ol 
scheduled for the 


the areas supply of power 
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FIG. I. 6,000 R.P.M. TURBINE DRIVING 600 K.W. 735 R.P.M, D.C, GENERATOR. 





Fic. 2. THE SAME SET FROM THE GENERATOR END SHOWING THE 220/250 VOLT 
D.C. MACHINE, TYPE CS. 
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in bulk, so that in these cases also there exists 
a demand for relatively small size units which 
has to be met. 

A periodicity of 50 cycles per second imposes 
a natural limit of 3,000 r.p.m. as the maximum 
speed of the alternator, and therefore of the 
turbine also if the two are directly coupled. 
In the the 
upper limit of speed was reached a good many 


case of direct-current generators 


years ago, and it was found quite impossible 


to design economical steam turbines to run 
at the 
by the so-called high-speed direct-current turbo- 
The latter difficulty led to the 


turbine 


low speeds which were imposed 
generator. 


introduction of modern high-speed 
gcaring, and in view of the advantages of this 
flexible link between the prime mover and the 
gencrator, there is a tendency to-day to extend 
the use of such gearing for driving alternators 
even up to very considerable outputs. 

As an example of this kind of unit, reference 
will now be made to the line of small high- 
economy turbines which the English Electric 


The 


shewn in the accompanying illustrations in- 


Company has recently developed. unit 
cludes a steam turbine designed for a normal 
output of 600 k.w. with an overload capacity 
of 25 per cent. The turbine runs at a speed 
of 6,000 r.p.m., 
at 300 lbs. per square inch, and a total tempera- 


and is designed to use steam 


ture of 700 degrees Fahrenheit, and to exhaust 


into a vacuum of 29 inches. 


The generator shewn is a_ direct-current 


machine (Class CS.) of the latest English 
electric design, and is driven at 735 r.p.m. 
through single-reduction gear. The machine 


shewn is of the low-voltage, heavy-current type. 


The main the turbine 


Casing 

belt 
and carrying the stationary diaphragms for 
all the steel : the 


chamber 


portion ol 


incorporating the high-pressure steam 


exhaust 


rhe 


cast 


stages, Is of 


and branch is ot cast iron. 


nozzle plates for the first stage are also of 


cast steel with steel division plates cast in to 


form the nozzles. The first diaphragm, that 
is to say, the steam inlet to the second stage 
of the machine, is of cast steel, with steel 
division plates cast in. The remaining’ dia- 


phragms are cast iron with steel division plates. 
\ll the diaphragms are supported by means 
of keys in such a manner that, while they are 
free to expand under the differences in tempera- 
ture, they are maintained in correct alignment. 
The diaphragm glands are of the labyrinth 
type with copper strips caulked in place. 

The rotor shaft is of best quality Sicmens- 
Martin steel, annealed before and after machin- 
ing. The dises are of high-quality nickel 
steel mounted on the shaft by means of stipport 
rings. The blading throughout is of 3 to 5, per 
cent. nickel steel and for the first four stages 


to the disc by means of T roots, 
case of the last 


the straddle or 


is attached 
but in the 
attachment is of 


the 


inverted T 


two stages, 
type. 

A speed of 6,000 r.p.m. was chosen for this 
machine with the full knowledge that turbines 
have been run at much higher speeds, particu- 
larly on the Continent; machines built for 
speeds above 6,000 r.p.m. have not, however, 
given uniformly satisfactory results or proved 


altogether reliable. In the case of the Inglish 


Klectric Turbine just described, the stresses 
have all been kept within very moderate 
limits. 

Turbines running at the extra high speeds 
above referred to, have in some cases been 


used for driving relatively low-speed machinery 
by the use of either double-reduction gearing 
single-reduction with a 
rhe 


has preferred to run_ the 


or of gearing very 


high ratio. English Electric Company 


turbine at a lower 


speed and so avoid the difficulties which at 


present are apt to arise with high gearing 


ratios 
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Electric Winding Installation at Llantrisant Colliery 


Lhe 
Limited, 


Powell Dufiryn Steam Coal Company 
South Wa 
the 


les, were amongst the first 


to recognize advantages to be gained by 
the use of electric power for main shaft winding, 
amongst the many 


winders 


and and varied types of 
this Company 
none is more interesting than the plant installed 
recently at fecl 
sure that a description of this plant will prove 
of interest to 

he main winders 
designed to work to the 


electric installed by 


Llantrisant Colliery, and we 


many © readers. 


our 


two have each been 


following conditions : 


Depth ot shatt 


1950 teet 

Ou nia of coal per hout 250 tons 
Average weight of coal per wind oo 6 tons 
Average weight of rubbish per wind ... 8 tons 
Weight of each cage with chains and 

hook rae ... 8 tons 
Number of trams per deck ais veka 
Number of decks per cag vinta 
Maximum weight of a: per tram 30 cwts 
Maximum weight of rubbish per tram 42 cwts 
Average weight of tram 12 cwts 


Rope circumference sig 6:5 inches 
Weight of rope per foot ; ccs ae 
Diameter of cylindro-conical drum 


(1) Minimum 11ft, 6in, tol 2ft. 
(2) Maximum 18ft. 

Eflective weight of head sheaves re 
ferred to rope 7,000 Ib. each 


WR 
Moment of Inertia ( : ) f drum... 170,000 Ib. ft 


Number of winds per hour eas ons OO 

Time of complete cyck 72 seconds 
Decking time 14 seconds 
Nett time of wind 58 seconds 


Rope distribution on drum : 
On minimum diameter. ... 3 idle and 6 
working turns 
On scroll .. 4 turns 
On maximum diamete1 27-2 turns 
Time of drum acceleration (apprx 14secs 
lime of drum full speed 30 secs 
Time of drum deceleration 14 secs 
Maximum rope speed : 48 ft. persec. 
Maximum drum speed . md ony. on ee. 
At present the drums are being used for 


sinking, the working conditions being as follows : 
water barrel and 
634 tons 


Maximum nett weight 
water 


Maximum winding g spee d 35°3 ft. per sec. 
Rope circumference 5-5 inches 
Weight of rope per ft 6 Ibs 


Each drum is fitted with a parallel steel 


shell 12 feet diameter by 13 feet 6 inches 
wide for use during the sinking period, and 
when loads and output increase to such an 
extent as to justify the change, the conical 
scrolls and the large 18 feet diameter shell 
will be added. 

Fig. | shows the estimated b.H.P. output 
of each winding motor on normal coal winding 
duty. 

Apart from the main incoming switchgear 
and transformers which were supplied under 
another contract, the whole of the electrical 


equipment for these two winders was supplied 


The English Electric Company, and manu- 











factured at their Siemens Works, Stafford. 
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Each Equipment consists of :- 


(a) One — direet-current winding motor 
direct-coupled to the drum shaft and having 
a continuous rating on 600 volts of 1,400 H.P. 
at 51 r.p.m. 

By means of a hand-opcerated shunt regulator 
the motor speed may be varied from 45 to 65 
r.p.m., the higher speeds being used when 
dealing with lighter loads. 

An illustration of one of the winding motors 


is shown in Fig. 3, and a general view of a com- 


plete winder in Fig. 2. 
(}) One motor-gencrator set comprising : 
Two variable-voltage direct-current genera 
tors, cach having a normal rating of 600 k.w. 
at 300 the 
being capable of supplying the power required 


volts, two machines together 
by the winding motor when dealing with tlic 
specified duty. 

One synchronous motor, of the salicnt-pole 
type, to drive the sét at a speed of 750 r.p.m., 
and having a normal rated input of 1,400 k.w. 
at 0-8 leading power factor on a 3-phasce, 
5,200-volt 50-cycle circuit. 

One 
excitation current for the winding motor and 


direct-driven exciter to supply the 
the variable-voltage generators, also the power 
required by the brake magnet. 

One 
excitation current for the synchronous motor. 

The abdve 
motor-generator set are mounted on a combina- 
tion bedplate. 


direct-driven exciter to supply the 


five machines comprising the 


An illustration of the two sets is shown in 
Fig. 4. 

(c) Auto-transformer with 
switchgear and instruments for the synchronous 


starters, exciter 


motors. 


Each 
double-throw four-pole, oil-immersed switch of 
large capacity with overload and low-voltage 
the 
The exciter panel is mounted alongside 


auto-transformer is controlled by a 


trips, whole mounted in a sheet steel 


cubicle. 
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the cubicle and is equipped with ammeter, 


voltmeter and power-factor meter, rheostat 


and field switch. It has been found that the 
motor-generator sets can be run up to speed 


and synchronised in about 25 seconds. 


(d@) All D.C. switch and control gear, and 
instruments for the operation of the plant 


on the Ward-Leonard system of control. 


(e) In addition to the usual control gear, 
a special change-over plug-board is provided 
which enables either or both generators on 


either motor-generator set to be connected to 
either of the two winding motors. This plug- 
board is enclosed in a metal cubicle to which 
access can only be obtained by a responsible 
official. 

A bird’s-eye view of the plant is shown in 
the Frontispiece. 


that all the machines 


modern design, 


fact 
and 


In view of the 
the latest 
a more detailed description of their construction 
may be of interest, as well as a description ot 


are of most 


the control gear, 


The winding motors are of the English Electric 
Company's standard CS. type embodying all 
the latest improvements in the design of D.C. 
The 


divided horizontally. 


machines. magnet frames are of stecl, 
The main and commuta- 
tion poles are laminated and the latter are 
facilitate 
mounting and to avoid saturation at overloads. 
The the 


construction which avoids the production of 


widened at the roots to accurate 


commutator is of non-arch-bound 
heavy buckling stresses and preserves a true 
cylindrical surface; extension pieces on the 
outer ends of the bars give additional cooling 
cftect. 
design of the brushes, brush-holders, supporting 


Special attention has been given to the 


brackets and rings with a view not only to 
the 
eliminating vibration, but also with the object 
of simplifying assembly of the parts in their 


ensuring best possible commutation by 


precise relative positions. 
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FIG. 3. 


1,400 H.P., 


Compensating windings are fitted and the 
motors are specially strengthened mechanically 
for the arduous duty required in this class of 
work. 


The fields are separately excited and a special 
switch and resistance is provided to reduce 
during the interval between 


the excitation 
winds. 


The variable-voltage generators are also of 
the C.S. type and generally similar in con- 
struction 


to the winding motors. They are 


shunt wound with separate excitation, and 
have commutation poles and compensating 


windings for sparkless commutation. For nor- 
mal operation the two generators are connected 
in series to supply the winding motor, but on 
light duty one generator only can be connected 
by means of the plug board to one winding 


600 VOLT, 5I 
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R.P.M. MOTOR. 


motor. With one generator only on duty, the 
maximum voltage across the winding motor 
terminals is only half the normal, thus reducing 
the speed of the motor to about half the 


normal. 


For driving each set a synchronous motor 
has been supplied, this being a departure from 
the usual practice, which is to employ a slipring 
The 


principal object in installing synchronous motors 


or a_ squirrel-cage induction motor. 


is to improve the power factor of the system. 


These motors are of the “ G.L.”’ salient-pole 
type which is the English Electric Company’s 
new design embodying all the most recent 
improvements in this class of machine. The 
stator frame is of cast iron of substantial design 
and great stiffness, the feet forming an integral 
The stator core is built 


part of the frame. 
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up of best quality stampings effectively in- 
sulated from each other to reduce eddy currents 
The 
laminations is 


circumference of 
steel 


to a minimum. outer 
the 


keys, and the laminations are held firmly in 


located on dove-tail 


position by heavy clamping rings. The inner 
circumference of the core is provided with slots 
of the semi-closed type for the reception of the 
stator winding. 

The rotor consists of poles attached to a 
cast-steel wheel, and, in addition to the ordinary 
winding, damping windings are fitted which 
permit of the motor being started up with an 
auto-transformer starter. 

The 
for any special comment, suffice it to say that 


two exciters on cach set do not call 
they are of the overhung type specially designed 
for this class of work. 

The five machines which make up each con- 
verter set are coupled together and mounted on a 
cast-iron bedplate. lour pedestal bearings 
are provided for cach set, and it is of interest 
to note that these bearings are of the roller 
type which decrease the no-load losses of the 
We the first time that 


bearings of this type have been used on such 


Set. believe this is 


large machines. 

As previously indicated, the control of cach 
winding motor is carricd out on the Ward- 
Leonard system, which consists essentially in 
varying the winding motor speed from 0 to 
the maximum in cither direction by varying 
the voltage 
terminals from 0 to plus or minus a maximum, 


supplied to the winding motor 


the variable voltage being obtained from the 
the set. As stated 


previously the generators are separately ex- 


gencrators on converter 
cited, and by means of a reversing controller 
the excitation current is varied from 0 to plus 
or minus a maximum, thus giving the necessary 
the winding 


voltage variation required for 


motor. 


The actual operation of the control is carried 
out by a main control lever on the driver’s 
platform, see Fig. 5, the position of the lever 
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determining the voltage applied to the winding 
motor armature terminals. This control lever, 
when moved from the mid or “ off’ position 
forwards, starts the winding motor in one direc- 
tion, a the mid- 


position giving rotation in the opposite direction. 


backward movement from 
By moving the lever from cither end of its 
the ‘ off” 
braking is obtained. 


travel towards mid or position 


strong clectric 
This The 


cage can be moved with accuracy an inch at 


control is very sensitive indeed. 


a time if required, or can be aceclerated smoothly 
up to full speed, then brought to rest by electric 
braking, ?t.c. regenerative braking, all move- 
ments of the control lever being made easily 
from jerks. 


and free 


In addition to the main control lever, the 
control frame on the driver’s platform contains 
the working brake lever and an emergency 
brake lever, all interlocked with one another 
manner as to driver 
moving the the 
event of the emergency brake being applied 


to reset the trip -gear until 


in such a prevent the 


them in wrong order. In 
it is impossibk 
the working brake is fully on. 

For operating the trip gear controlling the 
brake, a solenoid brake magnet 
which, under ordinary working 


holds up the 


emergency 
is provided 


conditions, is energised and 


actuating weight of the trip gear. In case 


of emergency, however, such as indicated 


below, the brake magnet circuit is opened, 


the brake weight falls and the emergency 
brake is applied : 
(1). In the event of overwind, by limit 


switches in the pit head structure. 
(2). In the event of overload, by a maximum 
relay in the winding motor armature 


circuit. 
(3). In the event of failure of the winding 
motor field current, by a minimum 


relay in the field circuit. 

(4). In the event of the exciter voltage 
falling below a_ pre-determined limit, 
by means of a low-voltage relay. 

















THE ENGLISH ELECTRIC JOURNAL 


(5). In the event of the supply voltage 
failing, by an auxiliary switch operated 
by the main switch. 

(6). In the event of overspeed when lowering 
loads, by an overspeed switch driven 
from the converter set. 

The emergency brake is also applied in the 
event of the air supply for the brakes failing, 
by a small auxiliary air cylinder controlling 
a trip weight, and also by an overwind device 
on the depth indicator. 

In addition, the driver can apply the cmer- 
gency brake at any time, by the lever in his 
control frame. 

When the emergency brake is applied by 
any of the above means, the brake weight, 
in falling, opens a special circuit-breaker in 
the gencrator field circuit, and the voltage of 
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the generators is at once reduced to zero. 

The depth indicators are of the English 
Klectric Company’s patented design fitted with 
safety apparatus embodying suitably formed 
cams which cause the control lever to move 
back automatically to the “ off’ position at 
the end of each wind, thus stopping the winder 
in case this has not been done by the driver. 
Other cams are provided which regulate the 
rate of movement of the control lever when 
starting up and this prevents excessive starting 
currents should the driver attempt to move 
the lever over too quickly. 

In addition to these cams, an alarm gong 
is provided on the depth indicator and, as 
mentioned above, an automatic device. to 
apply the emergency brake in the event of 
either cage over-running the bank. 





Fic, 4. THE two Motor-GENERATOR SETrs, 
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DRIVER’S CABIN, DEPTH INDICATOR AND CONTROL 
APPARATUS. 


As will be seen in Fig. 5, the driver’s instru- 
ments are mounted on brackets on the depth 
indicator and comprise (1) a centre-zero ammeter 


indicating the winding motor armature current ; 
(3) voltmeter for the main 
A tachograph of the 


provided to indicate speed and time 


and also to record the shaft signals. 


It is also of interest to note 


magnet is provided on the control frame, 
by means of which, and a switch at bank, it 
is possible to limit the travel of the control 
lever and, consequently, the rope speed, when 
men winding or rope inspection is required 
at reduced speed. 

In view of the fact that the two winders 
are similar in every respect and that the winding 
motors and generators are interconnected by 
means of the plug board, it will be seen that 
ample provision has becn made to ensure 
reliability and continuity of service. 
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New Three-high Plate Mill at the Clydebridge 
Works of Messrs. David Colville & Sons, Ltd. 





Fic. 1. THE THREE-HIGH PLATE 
In 1919 Messrs. David Colville & Sons 
decided to install a new Plate Mill at their 


Clydebridge Works to deal with the demand 
for ship plates and boiler plates. Considerable 
discussion took place as to the type of mill 
most suitable for the purpose, the alternatives 
being a two-stand, two-high reversing mill and 
a single-stand, three-high continuous-running 
‘Lauth”’ type Mill. 
favour of a three-high mill and the question 


The final decision was in 


then arose as to what form the drive should 


take. 
(1). 


There were three possible alternatives : 
A high-speed motor driving the mill 
through gearing with a large diameter 





Mint 


SHOWING TURN-TABLE RAISED. 
slow-speed flywheel direct-coupled to 
the mill. 

(2). A to a 


high-speed flywheel with gear reduction 


high-speed motor coupled 


to the mill. 


(3). An Ilgner Drive with a _ slow-speed 
motor direct-coupled to the mill and 
the flywheel energy embodied in a 


separate motor-generator equalizer set. 
When making a comparison of the three 
to the 
desirability of having a variable speed on the 


alternatives, there was discussion as 


mill. It was finally decided that there was 


considerable advantage in adopting some form 
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of variable-speed drive, and this, in conjunction 
with other advantages appertaining to the 
Ilgner Drive, finally led to its adoption. Other 
considerations included the advantage of re- 
moving all flywheel energy from the mill 
itself, which minimises the risk of breakage 
in the event of a piece being incorrectly entered 
to the rolls or an excessive draught being taken, 
and in addition, the form of control enables 
the mill to be brought immediately to rest, 
and reversed if The plant is par- 
ticularly interesting, in that so far as we are 


necessary. 


aware, it represents the first example of a three- 
high plate mill driven in this manner. 

The use of the separate flywheel equalizer 
high-speed flywheel of com- 
paratively small size to be used, with consider- 


set enables a 


ably more stored energy than can conveniently 
be arranged in slow-speed flywheels as for 
Alternative 1, 
permissible than under Alternative 2, where 
the fall in speed is reflected directly on the mill 


and a greater fall in speed is 


speed. 


Under conditions of working, the 


mill motor speed is set to a value which can 


present 


be anything from zero to 120 r.p.m. to give 
the desired speed on the mill for the class of 
material to be rolled, and this speed is main- 
tained at a constant value. 

It is found that with a speed set to a value 
to suit the later finishing passes, the piece of 
metal is thrown a considerable distance from the 
the that the time 
interval between the passes is considerably 
the This 
points to the desirability of the earlier heavy 


rolls in initial passes, so 


greater than during later passes. 
passes being taken at a reduced speed, and with 
the Ilgner Drive adopted there is no reason 
why this should not be done, with a reduction 
in the total time of rolling, and at the same 
time a reduced shock on the mill. 

The Mill itself, as mentioned above, is of 
the “ Lauth” type and is shown in Fig. 1. 
The top and bottom rolls which are the driven 
rolls are 36 inches diameter and 9 feet long, 


whilst the centre roll, which is not power driven, 
is 24 inches diameter, giving a distance between 
centres of 30 inches. The method of operation 
is as follows: 


The top and bottom rolls run continuously 
and the centre roll is raised or lowered hydraulic- 
ally until it comes into contact with the upper 
or lower roll respectively, and con- 
sequently takes its direction of rotation from 
When the 
centre roll is in contact with the top roll, the 


driven 
the roll with which it is in contact. 


metal passes from the incoming to the outgoing 
side of the mill, whilst when the centre roll is 
in contact the bottom roll, the metal 
passes back from the outgoing to the incoming 


with 


side. On each side of the mill is a lifting 
table furnished with live rollers, the tables 


being raised and lowered by motors operating 
in parallel. When the metal is passing from 
the incoming to the outgoing side, the tables 
are horizontal but immediately after the pass 
and during the period when the centre roll 
is moving down to make contact with the 
lower roll, the tables are raised, thus allowing 
the metal to enter between the centre and top 
The 
tables are then lowered to repeat the process. 

As a general rule, the slab entering the rolls 
form the finished 


roll, and to return to the incoming side. 


is not of correct width to 
plate, the first few 
elongate the slab to a length corresponding 
to the final width, after which the plate is 


and passes, therefore, 


turned at right angles and rolling is con- 
tinued. The turn-table for this purpose lies 


between the live rolls of the lifting table on 
the incoming side and is shown in the illustration, 
Fig. 1, in its raised position with the slab lying 
on it. 
down motor on the mill platform. 


The illustration shows clearly the screw- 
The clock in 
the centre indicates to the driver the spacing 


of the rolls 


The Mill is designed to deal with slabs up 
to about 10 and 5 
in weight, but the usual size will have a weight 
the 


inches in thickness tons 


of approximately 3 tons and average 
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finished thickness of plate will vary from 


$ inch to 3 inch. The normal output of the 
mill on these average -sizes will be 30 to 40 
tons per hour. 

A general view of the Machine Room in which 
the electrical equipment is housed is shown 
in Fig. 2. The 
double-armature 


mill motor, which is of the 
type, is seen on the left of 
the picture, the flywheel set in the centre, 
1,250 


rotary converter supplying direct-current power 


whilst on the mght appears a kw. 
to the auxiliaries throughout the mill. 
11.000 


cveles, from the Clyde Valley Power Company, 


The incoming supply at volts, 25 
is brought into high-tension switchgear of the 
‘stonework cell’ type mcunted on a gallery 
on the and 


extreme right of the building, 


arranged in separate cells below the gallery 
are two banks of single-phase transformers, 


one of which reduces the pressure to 3,300 volts 

















13,000 H.P., 65/120 R.P.M. DIRECT CURRENT MILL 
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for the supply of the motor driving the tlywheel 
set, while the other bank feeds six-phase low- 
voltage power to the sliprings of the rotarv 
converter. 

The mill motor seen in Fig. 3 is of the double- 
armature type designed for a maximum peak 
13,000 hip. at 65/120 rp.m. and 
to give constant torque from zero to 65 r.p.m. 


power ol 


The design follows on the lines of our standard 
reversing mill equipments, the machine, in 
fact, being identical with what would have 
been supplicd had the mill been a reversing 
mill in place of a continuous - running mill. 
The 


view of the fact that the full peak power de- 


construction is particularly robust in 


manded by the mill has to be given by the 
motor; steel is used throughout for such 


castings as armature spiders, frames, driving 
rings, 


etc. The two armatures are duplicates 
and the shaft is extended at each end so that, in 





Motor. 
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the event of any damage to one, the armatures 
can be interchanged. 
the motor shaft to the pinion shaft is of a special 
tvpe, arranged so that no serious end thrust 
This result 


The coupling connecting 


can be transmitted to the motor. 
is brought about by transmitting the drive 
through internal teeth on the outer coupling 
rim to a toothed wheel mounted on the pinion 


shaft. This method of drive prevents end 
thrust occurring on the motor bearings and 


sufficient axial clearance is left behind the 
driving teeth so that if the pinion shaft is forced 


endways, the internal teeth will finally dis- 
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For cooling the motor a supply of air is 
drawn by a motor-driven fan through a ‘‘spray”’ 
type cooler and introduced through the founda- 
tions into the space between the two magnet 
frames of the machine. This space is closed 
in by a sheet metal case which carries baffles 
on the internal periphery tor distributing the 
air through the 
motor. 


armatures and fields of the 
The smail motor-driven pump in the 
foreground provides a continuous flow of oil 
to the bearings. 

The flywheel equaliser set which supplies 
the necessary power to the mill motor is shown 





hic. 4. TH 


engage from the driving teeth. The hydraulic 
cylinders alongside the coupling are to facilitate 
dismantling the latter when necessary. To 
ensure rigidity of the drive, the motor bedplate 
is bolted to the pinion housing bedplate, a 
solid block of concrete supporting both. As 
will be seen from the illustration, the bedplate 
is sunk in the foundations to an extent that 
brings the concrete practically level with the 
top of the bedplate. 


FPLYWHEEI 


EOUALISER SET. 


that th 
two 


It will be 
between the 


in Fig. 4. 


is mounted 


seen flywheel 
direct-current 
generators, the armatures of which are bolted 
directly to the flywheel shaft. 
this position for the flywheel, the power trans- 


By adopting 


mitted through the generator shaft is reduced 
to a minimum, which allows of a more satis- 
factory machine design. 

The metor driving the set 1s of the three- 


phase induction type with a continuous rating 
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of 2,500 h.p. at 500 r.p.m. and operates on a 
3,300-volt, 50-cycle supply. 

The generators, naturally, have to supply 
the full peak power to the mill motor, and 
consequently require to be of a specially 
strengthened design. 

From the mechanical point of view, steel 
is utilised for both armature spiders and frame 
castings, whilst to deal with the very widely 
fluctuating electrical loads compensating 
windings are employed as well as commutation 
poles. 

The flywheel is of the “ built-up” type 
with a central spider, on to the rim of which 
are bolted two stcel rings forming the rim. 
This construction allows of a very simple spider 
casting and the elimination of undue casting 
strains, whilst the addition of the rings allows 
of a large proportion of the weight of the wheel 
being in the rim, where it is most effective. 
The flywheel is 50 tons in weight and 12 feet 
3 inches in diameter. A sheet metal shroud 
reduces the windayge loss from the periphery 
of the wheel to a minimum. A hand-operated 
band brake acting on the lower half of the rim 
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serves to bring the set to rest, this brake at 
the same time being of sufficient strength to 
raise the wheel when it is desired to remove 
the bottom bearings for inspection. 

It will be noticed that the arrangement of 
the machines forms an exceedingly compact 
set, there being five bearings in line and a 
shaft coupled throughout by solid couplings. 

The result of the experience of previous 
equipments of this nature has shown the great 
importance of heavy pressure lubrication under 
this 
difficulty in starting up the flywheel set is 


the flywheel bearings as, by means, all 
avoided and, in fact, approximately half full- 
load current will get the set away. The pressure 
used is sufficient to float the flywheel and a 
system of motor-driven pumps provides this 
Aftet 
the speed has reached roughly half speed, a 


pressure during the starting-up period. 


second set of pumps driven by belt from the 
flywheel shaft come into operation and are 
used under ordinary running conditions, the 
motor-driven set being shut down to serve as 
a stand-by. 

Owing to this ease in starting it has not been 





Fic. 5. Moror-GENERATOR SET FOR 


SUPPLYING 


THE ExciTATION CURRENTS 
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Fic. 6. 1,250 K.W. ROTARY CONVERTER 
any equipments, to fit which causes a fall in speed of the set.  Im- 


found necessary, in 
barring gear. 


The stored energy of the flywheel is rendered 


available by the introduction of an automatic 
slip regulator working in conjunction with 
the driving motor of the flywheel set. The 
normal power of this machine is 2,500 h.p., 
whilst the peak load on the mill motor may 
reach a maximum up to 13,000 h.p. The 
difference between the normal input to the 


flywheel set and the demand of the mill motor 
is met by an energy output from the flywheel 


through a fall in speed which is determined 


by the amount of resistance inserted in the 
rotor circuit of the driving motor. 

With the driving motor loaded up to its 
normal capacity, the amount of resistance 


in the rotor circuit is small. Immediately 
the current value rises above normal, a torque 
motor this 
moving blades which dip into tanks containing 
raising them partially out of 


the liquid and thus introducing a 


controlled by current operates 
soda solution, 


resistance 


mediately the current falls back again to 
normal, the reverse action takes place and the 
flywheel set is speeded up. 

With this type of regulator it is possible 
to allow of the 
down to 80°, of full speed. By adjustment of 
the the input current to the 
flywheel set can be fixed at any predetermined 
value 


a working range flywheel set 


torque motor, 
so that when working on light weights, 
for instance, the 
reduced to a 


average input to the motor 


can be value considerably lower 


than normal. 
In Fig. 5 is shown the specially designed 
set through the the 
mill motor is 
main 


only of 


exciter control which 
speed of the 

As the controller 
fields the direct-current 
can be made of quite small dimensions. 
functions of the three 


regulated. 

the 
exciters, it 
Che 


are 


operates on 


generators shown 
as follows: 
One machine excites the fields of the 


voltage 


variable- 
generators, 
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Fic. 7. “ Mitt Type” 


The second machine excites the field of the 
mill motor at constant voltage and, 
in addition, excites the field of the 


other two exciters. 

The third machine acts in opposition to the 
second on the field of the mill motor : 
so that a strengthening of this exciter 
field reduces the field strength of the 
mill motor and thus gives it a higher 


speed. 


The exciters are so arranged that during 
periods when the field strengths of the machines 
are being varied, a momentary voltage con- 
siderably in excess of the normal voltage is 
applied for the purpose of reducing the time 
constant of the machines and giving very 
As the main fields approach 


their correct strength this excess voltage is 


rapid acceleration. 
reduced to the normal value. 

The time constants of the machines are so 
chosen as to allow a rate of acceleration on the 
main motor of 60 r.p.m. per second. 
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Mcrok DRIVING Hor MANGLE. 
At the present time this rapid rate of ac- 
the 


reversing-mill motor but, in 


celeration is not so essential as in case 
of the ordinary 
the event of the speed being varied between 
the carlier passes and later passes, such as is 
desirable for the most satisfactory operation 
of the plant, this characteristic would be of 
vreat value. 

750 


r.p.m., and with the use of our patent methods 


The exciter set runs continuously at 


of obtaining quick acceleration, the size of 
the 
smaller than has hitherto been adopted, and 


motor driving exciter set may be much 


as this machine is in continuous operation 
there is a very appreciable saving throughout 


the year the 
The panel shown in the rear of the exciter 


on power consumed. 


set contains suitable indicating instruments 
for the various field currents. 

In view of the large number of auxiliary 
motors required for live-roll duty, heavy crane 
work, etc., direct current at 220 volts was 


adopted. There was available a supply at 
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this voltage, but to act as an additional supply 
a rotary converter was installed, drawing its 
power from the A.C. mains. 

The Rotary Converter is shown in Fig. 6, 
and is designed for a continuous output of 
1,250 k.w. at 220 volts d.c. and runs at a speed 
of 166 The field 
compounded to give the same characteristic 


r.p.m. winding is over- 
as the existing supply, the intention being 
to run the two in parallel in case of need. 

As will be seen from the illustration, the set 
is started up by means of a pony motor, the 
starting panel appearing on the right of the 
illustration. 

This machine, as well as supplying direct- 
current power, is used for raising the power 
factor of the incoming supply practically to 
unity, this being of great importance in view 
of the fact that the Power Company’s charges 
the K.V.A. demand. 

The type of auxiliary motor employed is 
clearly shown in Fig. 7, where a 60 h.p. “ mill 
type ”’ 


are based on 


motor drives the mangle which straight- 
ens the plates immediately after they leave the 


+n ehbis Ta | 
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mill. 
machine is worthy of note. 


The particularly robust design of the 
The 


frame is split across the centre line to give easy 


cast-steel 


access to the armature, and steel spiders and 
The shaft 
is extended at both ends, and the whole machine 


commutator centres are employed. 


arranged so that it is reversible end for end, so 
that should damage occur to one end, the whole 
machine can be reversed. 

In order to avoid an excessive stock of spare 
parts the sizes of the auxiliary motors were 
standardised as much as possible, and by the 
adoption of seven frame sizes all the require- 
ments, which range from 7} h.p. to 100 h.p., 
were met. 

The plant was designed to deal with 3,000 
tons of plates per week, and within a very short 
time of setting to work it proved its capacity 
for dealing comfortably with this tonnage. 
It has been found quite possible to roll at the 
rate of 46 tons per hour plates averaging 
4 inch in thickness from slabs 2°7 tons in weight, 
the maximum number of slabs dealt with being 
68 in a period of four hours. 





500-K.W, Motor-GENERATOR SET FOR AUXILIARY SUPPLY IN THE NEW RIBBLE POWER STATION 
OF PRESTON CORPORATION. 





SCHEDULE OF MANUFACTURES OF THE ENGLISH 
ELECTRIC COMPANY, LIMITED. 


Electric Generating Plant of all capacities. 

Steam Turbines and Condensers. 

Turbo-Blowers. 

Water Turbines. 

Internal Combustion Engines. 

Rotary Converters. 

Static Transformers. 

Phase Advancers. 

Switchgear and Controlling Apparatus of all kinds. 

Electric Locomotives. 

Electrical Equipment and Rolling Stock for Railways and Tramways. 
Electric Plant for Rolling Mills, Iron, Steel, Copper Works, etc. 
Electric Winding Equipments for Mines. 

Electrical Equipment for Textile Mills. 

Standard Industrial Motors. 

High-Speed Twist Drills, Milling Cutters and Reamers. 


Pneumatic Hammers and Drilling Machines. 
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